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Abstract Developing bio-absorbable interference screws

for anterior cruciate ligament (ACL) reconstruction has

proven to be a challenging task. The aim of this study was

to investigate the osteogenetic response of poly-lactide

carbonate (PLC) interference screws in ACL reconstruction

in humans. Ten patients (median age, 28 years) underwent

arthroscopic ACL reconstruction with semitendinosus/

gracilis tendon graft and a PLC interference screw. The

patients were scanned with a multi-slice CT scanner

2 weeks and 1 year postoperatively. Fourteen days post-

operatively a mean tunnel widening of 78% [52%; 110%]

was observed. At 1-year follow-up, the mean tunnel wid-

ening was 128% [84%; 180%]. No sign of bone replace-

ment or bone ingrowth was observed. Factors such as

accelerated rehabilitation, micro-motions, and early screw

degradation might be responsible for this large tunnel

widening. Our results demonstrate the difficulty in trans-

lation of preclinical data. This study illustrates the need for

extensive preclinical investigation of new materials for

clinical purposes.
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Introduction

The use of metallic interference screws has been chal-

lenged by bioresorbable screws for anterior cruciate

ligament (ACL) reconstruction graft fixation. Tunnel

enlargement, imaging artifacts, grafts laceration, and

ruptures have been reported as drawbacks of metallic

interference screws [5, 29, 37, 38]. Especially tunnel

enlargement or osteolysis, which is considered a multi-

factorial event, does not only cause postoperative disabil-

ities for the patient, but also complicate revision surgery

considerably [29, 37].

Poly-L-Lactide acid (PLLA) is widely accepted as a

biodegradable material for interference screws. It has

shown to work well clinically and to perform comparably

to metal interference [15, 24, 34]. However, among several

different polymers available, PLLA has shown to have a

clinically slow degradation [4, 20, 21, 34–36]. Also allergic

reaction, delayed intra-articular inflammatory reaction,

severe cartilage damage after screw breaking (and recur-

rent locking of the knee joint) have been reported using

these PLLA screws [16, 18, 23].

Bio-absorbable co-polymer screws consisting of poly-

D(2%),L(98%) lactide, and poly-D(85%),L(15%)-lactide-co-

glycolide interference screws have been shown to benefit

from faster degradation time with evident replacement of

the screw with new bone in the canal. This has been shown

by Barber et al. in a prospective study on 63 patients with

radiographic follow-up at 2–3 years postoperative using

the poly-D(2%),L(98%) lactide composition, and by Lajtai
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et al. on 28 patients with MRI 5.2 years after surgery for

the (D85:L15) polymer [3, 17].

Bio-absorbable poly-lactide carbonate (PLC) interfer-

ence screw (Calaxo Screw, Smith & Nephew Endoscopy,

Andover, MA) consists of 65% of the co-polymer poly-

D(85%),L(15%)-lactide-co-glycolide (PLGA) and 35%

calcium carbonate. As introduced above, there is clinical

evidence of using the 85:15 solution polymer in poly-(D,L)-

lactide-co-glycolide. The inorganic component of calcium

carbonate has shown to enhance strength retention of

bioresorbable materials, buffer the local degradation

products to help prevention of acidic environment, and

provide calcium for new bone formation. Walsh et al. [33]

presented promising results using PLC in an ovine model

where PLC screws was replaced by bone within 1 year

after soft tissue ACL reconstruction.

Calcium carbonate (CaCO3) has shown to be advanta-

geous as implant material in terms of quick and effective

degradation and new bone formation [31, 32]. Studies have

shown that extracellular calcium can promote differentia-

tion and proliferation of osteoblastic cells through calcium

sensing receptors (CaR). Localized elevated extracellular

calcium has been shown to stimulate osteogenic growth

factors and parathyroid hormone-related peptide (PTHrP)

secretion [2, 13, 14, 26].

Despite the promising preclinical data, the screw was

withdrawn from the market by the company due to a report

of a sterile tibial cyst and intra-articular granuloma for-

mation after ACL reconstruction using the PLC interfer-

ence screws [7].

This study was initialized and inclusion of patients was

completed before the PLC screw was withdrawn from the

market. We wanted to test whether the preclinical findings

of screw replacement by bone could be found in the

human situation. A computer tomography method was

used to detect tunnel crosssection area and new bone

formation. The aim of this study was to investigate the

osteogenetic response of PLC interference screws in ACL

reconstruction.

We hypothesized that the poly-(D,L)-lactide and calcium

carbonate screw would degrade relatively fast with sub-

sequent replacement with new bone in the canal.

Patients and methods

Ten patients were included according to the criteria’s in

Table 1 in 2006 and were operated with ACL reconstruc-

tion from January to April 2007. The median age of the

patients at the time of operation was 28 years (22–

45 years). The study protocol was approved by the local

ethical committee. They received ACL reconstruction with

a bio-absorbable PLC interference screw as tibial fixation

(Calaxo screw, Smith & Nephew Endoscopy, Andover,

MA, USA). The femoral fixation was Rigidfix (Depuy

Mitek, Raynham, MA). The patients underwent arthro-

scopic ACL reconstruction with semitendinosus/gracilis

tendon graft. The patients were scanned with computed

tomography (CT) 2 weeks and 1 year postoperatively.

All patients had ACL reconstruction using arthroscopi-

cally assisted technique. Gracilis and semitendinosus ten-

don was harvested through a small incision over the pes

anserinus. All four strands were sutured separately with

2 Fiberwire sutures (Arthrex, Naples, FL).

Transtibial technique was used for femoral drilling. An

oblique tibial drill hole starting at the anterior edge of the

medial collateral ligament and ending in the ACL tibial

footprint ensured a shallow and posterior femoral starting

point for the femoral drill hole. A minimum 25 mm of the

graft was placed in the femoral tunnel. In all patients had

35-mm long interference screw graft fixation in the tibia

with the screw being 1 mm oversized compared to the

drilled bone tunnel (drill diameter 8–10 mm). The screw

was placed just inside the tibial cortex for optimal graft

compression and fixation in the tibial tunnel. The femoral

fixation was Rigidfix (Depuy Mitek, Raynham, MA).

All patients followed the same accelerated rehabilitation

protocol. The rehabilitation allowed full weight bearing

from first postoperative day and focused on early restora-

tion of full extension and quadriceps function.

CT-scans were performed 2 weeks and 1 year postop-

eratively. The patients were placed in a supine position in a

multi-slice CT scanner (Brilliance 64-slice, Philips Medical

Systems, Cleveland, OH). Axial slices were made starting

Table 1 Patient selection criteria’s

Inclusion criteria

ACL trauma that should be treated operatively with ACL

reconstruction with semitendinosus/gracilis tendons

Age 18–50 years

ASA group 0–2

Exclusion criteria

Acute malignant disease

Rheumatoid arthritis (patient information)

Morbus Bechterew (patient information)

BMI [ 30

Medical treatment with:

Glucocorticoids

Growth hormone

During follow-up patients are excluded if they

for more than 2 weeks receive

Glucocorticoids

NSAID

Cytostatics

New damage of the treated knee
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from the joint-space level to 1 cm distal from the cap of the

screw. The scans were performed in high resolution with

collimating on 64 9 0.625 mm, slice thickness 0.9 mm.

Reformatting was performed a with C-filter resulting in a

slice thickness of 5.0 and 1.0 mm spacing.

CT-evaluations were performed using the scanner-sup-

plied software (Philips Medical Systems, Cleveland, OH).

A reconstructed slice through the original drill hole canal

along the direction of the screw was made. This direction

was assessed on the 2-week postoperative images due to

the possible lack of screw appearance 1 year after surgery.

A tick was placed in the middle of the canal in the longi-

tudinal direction of the screw and for every 5.0 mm a line

was drawn on the square angle on the tick (Fig. 1). Curved

reconstruction slices perpendicular to the direction of the

drill hole canal were made. The diameter in the canal was

measured in the horizontal and the vertical plane on these

curved reconstruction slices between the osseous edges of

the drill hole canal (Fig. 2).

The cross-sectional areas in the canal were calculated

using the mean diameter between the horizontal and

vertical measurement and the assumption of a circular

formed canal. Tibial canal volume was calculated as

stacked truncated cones using the six central cross-sec-

tional areas, to measure the five central trunculated cones

in the canal. Thus, we also bypassed the possible con-

founding irregularities in both ends of the canal. All bone

canal volumes at 1-year follow-up were normalized to the

volume of the drilled canal peroperatively based on drill

diameter, due to the fact that different screw diameters

were used. This is expressed as percentage of tunnel

widening.

Postoperative control data included data from consul-

tations in order to report the functional level of the patients

as well as other unexpected occurrences.

CT data is presented as mean with 95% CI. For com-

parison, two-tailed paired T test were used between the two

time points in the and a two-tailed Student’s t test to

compare the two groups at 1-year follow-up. P values less

than 0.05 were considered significant.

Results

All patients were available for CT scanning at the 1-year

follow-up. The results of the CT scanning were not known

to the doctors in the outpatient clinic at any of the con-

sultations in the follow-up period. At the 1-year follow-up

seven of the ten patients were able to exercise through

running on a regular basis, but none of these had returned

to contact sports. One patient had a small extension defect,

one had problems with continuing the job as an archeolo-

gist, and one was scheduled for reoperation due to graft

rupture. One had a lowered functional level with persistent

medial joint pain and was diagnosed with pre-arthritic

changes in the medial part of the knee joint with sub-

chondral involvement.

One year postoperative the screw was only visible in

two out of ten cases. No unexpected granulomas or cysts

were observed. Fourteen days postoperatively a mean

tunnel widening of 78% [52%; 110%] was observed, which

was a significant increase (P \ 0.01). At the 1 year follow-

up, the mean tunnel widening was 128% [84%; 180%]

which was significantly higher than at baseline (P \ 0.001)

and 14 days postoperatively (P \ 0.001) (Figs. 3, 4).

Discussion

The most important finding of this study was the rather

disappointing observations of tibial tunnel widening after

ALC reconstruction using this PCL interference screw.

Clearly the findings on CT oppose the aim of this new

interference screw to demonstrate ability to be remodeled

Fig. 1 Sagittal CT reconstruction, a tick placed in the middle of the

canal in the longitudinal direction of the screw and for every 5.0 mm

a line was drawn on the square angle on the tick

Fig. 2 Curved CT reconstruction. The diameter in the canal was

measured in the horizontal and the vertical plane between the osseous

edges of the drill hole canal
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into bone tissue in humans at 1 year follow-up. Several

studies have described tunnel widening after ACL recon-

struction and although the exact etiology is not known and

might be multi-factorial, several important factors have

been investigated. This has previously been discussed by

Wilson et al. [37].

We found that majority of tunnel expansion after ACL

reconstruction takes place during surgery when the tendons

are compacted into the cancellous bone by oversized

interference screw. In our study, the 14 days postoperative

scannings demonstrated a 78% increase in tunnel volume

due to the initial graft fixation method. This phenomenon

has been demonstrated in previous studies [6, 25] and is not

considered to be device related.

The search for explanations of these results is very

important in understanding the mechanisms that should be

taken into consideration when new materials for interfer-

ence screws are being developed. Two issues need to be

addressed in this context. First, why was the bioresorbable

PLC screw not replaced by bone, at least partially replaced,

since an experimental ovine study delivered promising

results regarding this issue. Second, which circumstances

lead to a subsequent or concurrent tunnel enlargement?

There might be several explanations for this. It is a com-

mon fact that degradation of PLGA polymers leads to an

acidification of the environment [10, 30]. This is an issue

that has been addressed in several papers and although the

acidification is a theoretical and experimental fact, the

clinical importance can still be debated. Addition of cal-

cium carbonate might contribute as a buffer to this, and

thus manage to provide a pH neutral local environment,

which has earlier been shown with the use of divalent

cations [9, 39].

When results like ours needs to be explained, we have to

turn to the previous works on this material. Using animal

models is an essential part of developing compounds and

products in tissue engineering. Even though several

precautions are taken into consideration when testing an

animal model for its clinical relevance, explanations of

diverging results in relation to human trials can often be

found in the inaccuracy of using animal models. The ovine

study conducted by Walsh et al. [33] reports a partially

replacement of bone in the bone canals already after

26 weeks postoperatively and complete substitution of the

screw with bone after 1 year. Their study was well con-

ducted but the authors only briefly discuss the limitations

of their model for clinical use.

It is important to speculate on the limitations of the

animal model to explain the unexpected findings in this

present study. An editorial in Arthroscopy discusses this

subject [19]. It is likely to presume that the biological

breakdown of the PLC material does not vary between

ovine and humans. The distinct important variable

parameter between these two species is the osteogenetic

rate. The osteogenetic capacity of 18-month-old sheep

would indisputably be higher than in human subjects with a

mean age of almost 32 years, which is also commented by

Walsh et al. Skeletal maturity is not reached before the age

of 36 month in ovines [22]. The bone remodeling at this

age would then still only be considered moderately similar

Fig. 3 Coronal CT reconstruction, tibial tunnel widening depicted on CT 14 days (a) and 1 year (b) postoperatively

Fig. 4 Development in tibial tunnel volume in the five central

trunculated cones of the canal
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to humans [27]. Several studies describe large differences

in bone composition between these two species [1, 8]. The

hypothesis that would explain the undesirable events in our

study is that fast degradation of the PLC interference screw

which was not immediately replaced by bone, due to a

slower bone metabolic activity in humans lead to an

unstable situation with an increase in micro-motions of the

tendons, that would further impair the environment for

bone formation as seen around implants [11]. Early joint

activation is a normal part of accelerated rehabilitation.

Fibrous tissue formation and a tunnel enlargement were the

subsequent result of this problem. In addition, the bone

marrow tibia in young sheep consists of haemopoietic tis-

sue with bone marrow-derived mesenchymal stem cells

(MSC), and compared to humans the tibial bone marrow

will be more inactive at the adult age. The bone density in

the tibia is lower than in femur and therefore an implant as

in this study that has adverse effect on tunnel widening

should exert this effect more pronounced in the tibia.

Early rehabilitation has also been mentioned as a course

of tunnel enlargement [12, 28]. Early rehabilitation might

be responsible for a part of the tunnel widening occurring

between surgery and the 14 days follow-up, but since

tunnel widening was not described in the ovine study, also

exposed to some extent of early rehabilitation, we find this

explanation unlikely as a single factor. Both due to the

above mentioned and due to the very distinct and consistent

observation of tunnel widening in this study.

One reason for the withdrawal of the Calaxo screw was

cases of aseptic cystic formation or granulomas in the

proximal tibia. These cases were rare and are reported in

less than 1% of all cases, which is why our small case

series could have avoided this complication. Also the

company emphasized that the screw should be fully

embedded in bone to avoid soft tissue inflammation outside

the tibial cortex. This issue indicated that the fast resorbing

composite material of the Calaxo screw did have some

adverse inflammatory effects [25].

One of the limitations in this study is the relatively low

number of patients included, which disables this study from

determining the clinical outcome of these patients.

Although the tendency of the tunnel widening seems to be

clear, it should be underlined that the conclusions in this

study are based on a limited number of patients. The use of

CT for evaluating the tibial bone canal is also limited by

the fact that small isles of bone or osteogenetic foci of

woven bone might not be detected, and hence there is a

possibility that the osteoconductive properties of the screw

and osteoinductive events in the canal could be underesti-

mated. Due to the fact, that this was not even slightly

evident on any of the scans, we find this highly unlikely.

When assuming that early rehabilitation is responsible for

the early observed tunnel widening, it should be taken into

consideration that the tunnel size at baseline is not mea-

sured from CT. The limitations discussed above does not

conflict with the observed results in the present study.

Conclusion

The use of PLC interference screws in humans did not result

in bone formation in the tibial bone canal although the

screw was degraded. One patient is scheduled for revision

surgery due to graft failure, which could not be explained by

the use of the PLC screw. We observed a significant tunnel

enlargement during the 1-year follow-up, and can therefore

conclude that tunnel enlargement is not only an issue with

other resorbable polymer screws and metallic interference

screws. In conclusion, the findings in this study clearly

demonstrate that designing a resorbable screw that is

replaced by bone tissue after ACL reconstructions is a huge

challenge, and as clinician one must always be aware of

possible side effects using biodegradable materials. Also,

important limitations of preclinical biological data trans-

lating into clinical biology is clearly demonstrated.
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